Metabolic engineering in isoquinoline alkaloid biosynthesis.
Higher plants produce diverse classes of metabolites. Metabolic engineering offers tremendous potential to improve the production and quality of these chemicals. This report summarizes the possibility of using metabolic engineering in benzylisoquinoline alkaloid biosynthesis. Benzylisoquinoline alkaloids, such as morphine, sanguinarine, and berberine, are synthesized from tyrosine via reticuline in Magnoliaceae, Ranunculaceae, Berberidaceae, Papaveraceae, and many other species. The early pathway from tyrosine to reticuline is common among many plant species, whereas there is more diversity in late pathways. This review describes several strategies to improve the yield and quality of benzylisoquinoline alkaloids. First, the overexpression of a rate-limiting enzyme in an early pathway to increase the overall alkaloid yield is discussed. Second, the introduction of a new branch into the pathway has been shown to produce novel metabolites. Finally, the possibility of accumulating a pathway intermediate by the knock-down of a key step is examined. Further metabolic modification is also discussed, since the latter two modifications may lead to the production of novel compound(s) from an accumulated intermediate through metabolic activation. These metabolic changes could be further modified to increase chemical diversity through somatic variation in cell culture. Besides this direct metabolic engineering with isolated biosynthetic genes, the regulation of biosynthetic activity with transcription factors and/or with reconstruction of the entire biosynthesis will also be discussed for the next generation of metabolite production.